This is the ninth in a series of state-of-the-art papers covering all aspects of craniofacial care. To be published throughout volumes 36 and 37 of CPCJ, these papers will reflect on where we have been, where we are now, and the challenges that we face in the new millennium. Velopharyngeal insufficiency (VPI) is the inability to completely close the velopharyngeal port during speech. The resultant leakage of air into the nasal cavity during speech can cause hypernasal vocal resonance and nasal emissions. Compensatory misarticulations often result, interfering with speech intelligibility and complicating efforts to correct the problem.
tulae may require time for adaptation of the velopharyngeal mechanism, and a quick test, such as occlusion with dental wax or chewing gum, may not accurately predict the longterm results of fistula closure.
Other less common causes of VPI are submucous cleft palate (Calnan, 1954; Crikelair et al., 1970; Weatherley-White et al., 1972; Kaplan, 1975; Abyholm, 1976) , neuromuscular abnormalities (which can be congenital or acquired), adenoidectomy (Calnan, 1971) , and congenital VPI of unknown etiology.
The age of the patient, etiology of VPI (congenital versus acquired), length of time that VPI has been present, and general intellectual capabilities of the patient all can influence the choice of treatment and likelihood of success. Possible therapeutic approaches to VPI include speech therapy; prosthetic management (''speech bulb'' or ''palatal lift'' appliances); augmentation of the posterior pharyngeal wall with various injectable or implantable materials; palatal lengthening procedures, such as the Furlow double-opposing Z-plasty or various types of pushback palatoplasties; and surgical pharyngoplasty (attachment of a posterior pharyngeal flap or construction of a sphincter pharyngoplasty). The final category of procedures listed, surgical pharyngoplasty, including attachment of posterior pharyngeal flap, is the subject of this article.
EVALUATION OF VELOPHARYNGEAL INSUFFICIENCY
Perceptual speech evaluation by a qualified speech pathologist who has experience and expertise in cleft pathology, is the mainstay of any evaluation, since the indication for and goal of surgery is the ability to communicate successfully using speech. Such perceptual speech evaluation is, admittedly, subjective by nature. Useful objective information can be obtained by pressure-flow technology, where available (Warren and DuBois, 1964; Warren and Devereux, 1966) . Another technique that allows objective determination of velopharyngeal function is video nasopharyngeal endoscopy, which allows direct observation of the velopharyngeal port during speech. Movement of the soft palate and posterior and lateral pharyngeal walls is seen directly (D'Antonio et al., 1988; Shprintzen, 1989) . However, the study is dependent on the position and angle of the tip of the endoscope and requires some subjective interpretation. Furthermore, as with pressureflow evaluation, the patient must be able to cooperate. Even for a highly skilled endoscopist, this usually requires a patient who is at least 3 or 4 years of age. Cinefluoroscopy of the velopharynx can provide helpful dynamic visualization, and is easier than endoscopy for a young child to tolerate, but the procedure does involve significant radiation exposure. Resting and phonating lateral cephalometric radiographs involve a significantly lower radiation exposure but do not provide the dynamic visualization of the velopharynx afforded by cinefluoroscopy or nasopharyngoscopy. Passavant (1865) reported surgical adhesion of the posterior border of the soft palate to the posterior pharyngeal wall, which can be considered the predecessor of attachment of a formal posterior pharyngeal flap to the soft palate.
POSTERIOR PHARYNGEAL FLAP
The first true pharyngeal flap operation was described by Schoenborn (1875) and was an inferiorly based flap. By 1886, Schoenborn had performed 20 such procedures and had changed to a superiorly based flap (Schoenborn, 1886) . The first reported use of the posterior pharyngeal flap in primary surgery for cleft palate was by Rosenthal (1928) . He used an inferiorly based posterior pharyngeal flap in combination with a modified von Langenbeck palatoplasty. Padgett (1930) popularized the posterior pharyngeal flap in the United States. He used a superiorly based flap for cleft palate patients whose primary surgical repair had been unsuccessful. He argued that it was difficult to get adequate length with an inferiorly based flap. Hogan (1973) introduced the concept of lateral port control (LPC) in the design of pharyngeal flaps. He described a wide, superiorly based posterior pharyngeal flap, lined with nasal mucosal flaps from the posterior soft palate and sutured in place with a 4-mm-diameter catheter through the lateral port on either side of the flap to help calibrate the size of the lateral ports (Fig. 1) . With LPC, surgery restored velopharyngeal competence in 91 (98%) of 93 patients, while resulting in hyponasality lasting more than 6 months in only three patients (3%). His choice of port size was based on the pressure-flow studies of Warren and coworkers, showing that oropharyngeal air pressure decreases significantly when the orifice size exceeds 10 mm 2 , with nasal escape of air obvious above 20 mm 2 (Warren and DuBois, 1964; Warren and Devereux, 1966) . Shprintzen et al. (1979) have advocated ''tailor-made'' pharyngeal flaps, with the width of the flap determined by the degree of lateral pharyngeal wall motion seen preoperatively on videofluoroscopy and nasopharyngoscopy. Their study involved 120 patients; 60 were studied retrospectively, and 60 were assigned prospectively to three different types of pharyngeal flap procedures (all superiorly based) designed to produce a narrow, moderately wide, or very wide flap, depending on whether the preoperative lateral pharyngeal wall motion was rated as excellent, moderate, or poor, respectively. Of the 60 patients thus assigned, postoperative speech assessment was normal in 47 (78%), hyponasal in 11 (18%), and still hypernasal in only 2 (3%).
In addition to the superiorly based and inferiorly based design of posterior pharyngeal flaps, Kapetansky (1973) introduced a third design, bilateral transverse flaps. He believed that basing the flaps laterally would preserve nerve supply, thus maintaining more flap mass, as well as preserving contractile function. Therefore, he made an S-shaped incision in the posterior pharyngeal wall and elevated two laterally based flaps, each 15 to 20 mm in width and 30 to 35 mm in length, using one to provide oral lining and one for nasal lining. However, this design has never become as popular as the superiorly or inferiorly based flaps. This is perhaps because of the absence of evidence that nerve preservation makes any significant difference in preserving muscle mass or active muscle contraction in the flap or that either of those effects would provide any functional speech improvement compared to the other flap designs.
Debate continues as to the relative advantages and disadvantages of the superiorly based and inferiorly based posterior pharyngeal flaps. Some authors have felt that the position of the base does not matter. Skoog (1965) reviewed 82 flaps, 49 based superiorly and 33 inferiorly. He felt that the position of the base made no difference in outcome. Hamlen (1970) reported the Toronto Hospital for Sick Children experience with 95 patients, aged 4 to 19 years, who underwent pharyngeal flap procedures and were observed for up to 13 years. She found no difference in short-term or long-term speech results between 64 patients who had superiorly based flaps and 27 who had inferiorly based flaps. Whitaker et al. (1972) prospectively randomized 35 patients with VPI to receive either a superiorly based (17 patients) or inferiorly based (18 patients) posterior pharyngeal flap. They found no differences in postoperative speech outcome, hearing, complications, or length of hospital stay.
Most recently, Karling et al. (1999a) compared two different types of insertion of posterior pharyngeal flaps, either into a transversely split or into a midline split velum. The transversely split velum purportedly resulted in a wider, more caudally based flap. However, when comparing 22 patients with a transversely split velar attachment to 20 patients with a midline split, using videoradiography and nasopharyngoscopy, the authors found no difference in the location of the flap base or in the flap width at rest. Flaps inserted into a transversely split velum did show significantly increased widening of the flap base during function, but no differences in speech were found. Karling et al. (1999b) also studied the adaptation of lateral pharyngeal wall adduction to pharyngeal flaps of different widths. Fifty-three patients who underwent posterior pharyngeal flap surgery were studied by videoradiography to determine lateral pharyngeal wall adduction and by nasopharyngoscopy to determine flap width. They found that the magnitude as well as character (i.e., increase or decrease) of change in adduction was significantly related to the degree of preoperative adduction and the flap width. Specifically, they found that patients with limited preoperative adduction showed more increase in lateral pharyngeal wall activity with a narrow flap than with a wide flap, while patients with more pronounced preoperative adduction showed decreased postoperative adduction, which also correlated with flap width.
There have been several reports of airway obstruction and death associated with posterior pharyngeal flap surgery and obstructive sleep apnea following such surgery (Jackson et al., 1976; Robson et al., 1977; Wray et al., 1979; Kravath et al., 1980; Thurston et al., 1980; Schettler, 1973) . Orr et al. (1987) studied 10 patients undergoing von Langenbeck palatoplasty and 10 patients undergoing attachment of a superiorly based posterior pharyngeal flap by a palatal-splitting technique. Polysomnographic monitoring of all patients was performed 1 to 2 days prior to surgery, 2 to 3 days postoperatively, and approximately 3 months postoperatively. They found that palatoplasty resulted in minimal obstructive sleep apnea. None of the palatoplasty patients had significant obstructive sleep apnea preoperatively, one patient showed a significant change in the immediate postoperative period, and none showed significant obstructive sleep apnea by 3 months postoperatively. For the pharyngeal flap group, again no significant abnormalities were noted preoperatively. However, in the immediate postoperative period, 9 out of 10 patients showed a significant increase in the number of obstructive episodes per hour. By 3 months, the frequency of obstructive episodes had returned to normal in all but two of the pharyngeal flap patients. Central apnea showed no significant differences in either group throughout the study interval. Valnicek et al. (1994) reviewed the 7-year experience (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) with superiorly based pharyngeal flap in a total of 219 children at The Hospital for Sick Children in Toronto. One child in this group died; autopsy findings indicated cerebral edema of unknown etiology. Complications included 18 children (8.2%) with bleeding, of whom 5 required transfusion; 20 children (9.1%) with airway obstruction; and 9 (4.1%) with sleep apnea after discharge from the hospital. Three patients required reintubation in the early postoperative period, and 11 required eventual surgical revision, including complete takedown of the flap in four patients. Fraulin et al. (1998) continued this work with a very interesting follow-up report. The stimulus for their first study had been a patient death that occurred in the recovery room in 1990 following a pharyngeal flap operation. The new study was undertaken to see whether changes instituted following that death had resulted in any decrease in the number of acute complications following superior pharyngeal flap surgery (i.e., within the first 24 hours). They divided their patients into 164 who underwent superior pharyngeal flap surgery between July 1985 and December 1990, and 222 whose surgery was performed between January 1991 and June 1996. There was no statistical difference between the two groups in gender, age, or associated medical conditions (including velocardiofacial syndrome, Pierre Robin sequence, neuromuscular disease, and congenital heart disease). In addition to increased awareness of potential complications, resulting in closer observation in the intensive care unit with use of apnea, oxygen saturation, and cardiac monitors, other changes included fewer operating surgeons (four performing 222 operations in the latter group versus seven performing 164 operations in the earlier group); fewer associated simultaneous major surgical procedures, such as palatal fistula repair, alveolar bone grafting, or maxillary osteotomies; more frequent closure of the posterior pharyngeal wall donor site in the latter group; and more frequent use of nasopharyngeal airways in the latter patients. The total rate of complications decreased from 19.5% in the earlier group to 6.3% in the latter group (p ϭ .0001). Airway obstruction decreased from 11% to 3.2% (p ϭ .0012). Bleeding complications decreased from 7.3% to 1.4% (p ϭ .0027). Hospital stay decreased from 5.8 to 3.8 days (p ϭ .0001). Predictive factors of complications included the operating surgeon, presence of associated medical conditions, concurrent performance of another major procedure, and leaving the posterior pharyngeal donor site open. It should be emphasized that this particular study looked only at early complications and not at later complications, such as obstructive sleep apnea. Ysunza et al. (1993) reviewed 585 patients treated surgically for VPI at the Hospital Gea Gonzalez in Mexico City. Of those patients, 571 had undergone superiorly based pharyngeal flap surgery and 14 had undergone a Jackson-type pharyngoplasty. Eighteen patients showed clinical symptoms of obstructive sleep apnea. Fifteen patients (2.6%) had polysomnographic confirmation of obstructive sleep apnea, including 14 who had undergone pharyngeal flap attachment and one with Jackson pharyngoplasty. All 15 patients were treated surgically for sleep apnea. Sirois et al. (1994) performed preoperative and postoperative polysomnographic recordings in 40 children who underwent pharyngeal flap surgery in Montreal. During the first 15 days following surgery, 14 patients (35%) had abnormal polysomnograms, 6 showing obstructive apneas, 6 central apneas, and 2 both central and obstructive apneas. All but two of these patients improved over time.
Finally, Lesavoy et al. (1996) reviewed 32 superiorly based pharyngeal flaps in 29 patients at Harbor/University of California, Los Angeles, Medical Center. Eleven patients (38%) showed evidence of sleep apnea or upper airway obstruction during sleep in the early postoperative period, which resolved in all but two patients within 5 months. However, patients with postoperative upper airway obstruction were only half as likely to show residual postoperative velopharyngeal insufficiency. Therefore, the authors concluded that ''the surgeon may sometime need to accept some transient upper airway obstruction to achieve correction of velopharyngeal insufficiency.'' An interesting, and potentially critically important, anatomic consideration is the anomalous carotid and vertebral circulation seen in patients with velocardiofacial syndrome. Mitnick et al. (1966) used magnetic resonance angiography (MRA) to study 20 consecutive patients with velocardiofacial syndrome. All 20 patients had anomalies of the carotid arteries, vertebral arteries, or both. In two of these patients, the internal carotid arteries were found to be close to the pharyngeal midline at the base of the first cervical vertebra and almost directly below the mucous membrane of the pharynx, in a location where they might easily have been severed during elevation of a pharyngeal flap. Therefore, the authors recommended that MRA be performed in all velocardiofacial syndrome patients prior to pharyngeal flap surgery to identify high-risk cases.
SPHINCTER PHARYNGOPLASTY
Wilfred Hynes (1950) of Sheffield, England, described an operation for ''failed cleft palate,'' in which the salpingopharyngeus muscles and their overlying mucosa were transplanted ''upwards and inwards until they lie in a transverse mucosal defect created across the posterior wall of the nasopharynx.'' The initial report advocated a two-stage approach. At the first stage, the soft palate was divided and the salpingopharyngeus muscles were transposed to the posterior pharyngeal wall in a transverse side-to-side arrangement. At the second operation, the palate was repaired and, in the some cases, pushed back as well. Twelve patients had been operated on, and eight had completed both stages. Hynes reported that three patients showed ''dramatic improvement'' in speech, and the other five had ''less marked'' improvement but could ''speak intelligibly to strangers'' after the surgery.
By the time of his Hunterian Lecture, Hynes (1953) had performed pharyngoplasties in 55 patients. He had modified his technique and now advocated much bulkier flaps, including salpingopharyngeus, palatopharyngeus, and part of the superior constrictor as well. He now sutured the flaps together in an end-to-end fashion, with some overlap of their tips, and he felt that the operation could be performed by retracting rather than dividing the soft palate (Fig. 2) . However, in cases where it was necessary to divide the soft palate, he still advocated repairing it, and possibly pushing it back, at a second operation. Of 36 patients who had completed treatment and been observed for at least 1 year after surgery, 19 (53%) had ''perfect, or almost perfect'' speech, 13 (36%) had improvement but still had some nasal air escape, and 4 (11%) had no speech improvement.
In his article ''Observations on Pharyngoplasty,'' Hynes (1967) made observations and recommendations based on 20 years of experience with pharyngoplasty. He still felt that it was important to elevate as much muscle bulk as possible with the pharyngoplasty flaps. He also still advocated splitting an intact soft palate when that would be helpful for better exposure of the posterior pharyngeal wall for flap inset. However, by this time he felt it possible to repair the soft palate at the same surgical procedure. Although the article does not give actual numbers, it states that 20% of pharyngoplasty patients required further surgical management, such as palatal lengthening, after the completion and healing of the pharyngoplasty.
Miguel Orticochea (1968) of Bogota, Columbia, reported a different type of sphincter pharyngoplasty (Fig. 3 ). There were several important differences that distinguished his operation from that of Hynes. First, Orticochea inset the flaps at a much lower level than Hynes, significantly below the level of normal velopharyngeal closure. Second, Orticochea actually raised a separate inferiorly based flap on the posterior pharyngeal wall to which he sutured the tips of his pharyngoplasty flaps. Third, Orticochea used his pharyngoplasty procedure in all of his patients with cleft abnormalities, 6 months after palate repair, and did not reserve it for only those who failed initial palatoplasty.
In a later report, Orticochea (1983) reviewed his experience with 236 patients. There were four very different groups. Group 1 consisted of 104 patients who had pushback palatoplasty at age 2 years, followed 6 months later by pharyngoplasty. Group 2 included 94 patients who had Orticochea's sphincter pharyngoplasty between the ages of 3 and 11 years. It is not clear whether any or all of these patients had a previous palatoplasty. Group 3 comprised 27 patients who had palatoplasty in childhood followed by pharyngoplasty between 11 and 18 years of age. Group 4 included 11 adults who underwent two-stage sphincter pharyngoplasty between the ages of 18 and 32 years. There is a discussion of ''secondary surgery in the dynamic muscle sphincter,'' but Orticochea does not state how many patients required such secondary surgery, nor does he discuss the results following such secondary surgery.
More recently, Orticochea (1999) reported his 40-year experience with sphincter pharyngoplasty. He describes this report as his ''personal observations.'' He feels that the factors influencing the success of sphincter pharyngoplasty are the amount of air escape through the sphincter, the mobility of the sphincter, the age of the patient (more successful in younger patients), the ability of the patient to modify the learned speech abnormalities, the language spoken, and the size of the pharynx. He does not recommend preoperative speech therapy. (''This would be tantamount to pouring water into a bottomless barrel.'') He does advise that the flaps be placed in the posterior pharynx ''high rather than low in the oral pharynx,'' but ''not in the nasal pharynx, because it makes the operation more difficult.'' His patients reportedly are sent home 6 hours after surgery, if there is no bleeding, and are ''to refrain from speaking for 17 days, and to take a completely liquid diet.'' Speech therapy begins 18 days postoperatively. All of his patients undergo repair of the lip and alveolus at 3 months of age, palate repair at 2 years, and construction of the sphincter at 2½ years of age. One must respect his extensive experience, but others might not necessarily agree with the timing or technique. Riski et al. (1984) reported their experience with Orticochea's pharyngoplasty and their modifications of it. They found that the level of flap insertion impacted the success of the operation. For 29 patients with flap insertion at the level of attempted velopharyngeal contact, 27 (93%) had resolution of hypernasal resonance, whereas for 26 patients whose pharyngoplasty flaps were located below the site of attempted closure, only 16 (62%) had successful resolution of hypernasality. Based on these results, they recommended modifying Orticochea's original design to place the pharyngoplasty flaps higher in the nasopharynx, at the level of attempted velopharyngeal contact. Riski et al. (1992) updated their experience and, based on 139 patients, again found that the primary cause of pharyngoplasty failure was insertion of the flaps below the point of attempted velopharyngeal contact. Interestingly, in a commentary on the Hynes pharyngoplasty, Pigott (1993) emphasized the importance of designing the Hynes pharyngoplasty, as well, with flap placement as high as possible: ''. . . the transverse incision should be made at the very highest level that the operator technically can achieve. It cannot be placed too high.'' A significant modification of Orticochea's technique was reported by Jackson and Silverton (1977) (Fig. 4) . They elevated bilateral superiorly based flaps from the posterior tonsillar pillars, including the palatopharyngeus muscles. These two flaps were then sutured together in the midline and were attached to the undersurface of a superiorly based posterior pharyngeal flap. This modification would seem to virtually assure a higher positioning of the pharyngoplasty flaps than the original Orticochea operation. Of 74 patients who underwent this procedure, speech improvement was reported in 67 (91%).
The literature of the past 15 years has included several reviews of results with the various pharyngoplasty operations. Moss et al. (1987) described 40 patients with VPI who underwent modified Hynes pharyngoplasty using Hynes' 1953 modification. This was a mixed group of patients, including 13 with cleft palate, 4 with submucous cleft palate, and 5 postadenoidectomy patients, among others. Ages ranged from 4 to 52 years. Following surgery, 38 (95%) patients had no or variable nasal escape (i.e., achieved intermittent closure), and 33 (82%) had normal or slightly hyponasal resonance. The only complication was one patient who had asymptomatic separation of the ''bucket handle'' pharyngoplasty flaps from the posterior pharynx. Witt et al. (1994) described 20 patients who had undergone what they called a ''Jackson-type pharyngoplasty,'' although the description and illustrations show a procedure similar to the modified Hynes pharyngoplasty. Patients were evaluated perceptually as well as endoscopically. Hypernasality improved in 15 (79%) of 19 patients who had good speech samples be-fore and after surgery, and the frequency of nasal emission decreased in 14 (74%) of 19 patients. Endoscopic evaluation showed that 15 (75%) of 20 patients had a decrease in orifice size. However, only 7 (35%) of 20 patients showed complete velopharyngeal closure after pharyngoplasty, and 13 (65%) were felt to need additional surgical treatment. James et al. (1996) reported their results in 54 patients treated for VPI by the Orticochea pharyngoplasty in Leicester, United Kingdom. They found decreased nasal escape in 49 patients (91%), complete elimination of nasal escape in 40 (74%), and normal vocal resonance in 46 (85%). They felt that their results were comparable to those reported by Riski et al. (1992) , in spite of the fact that the Leicester patients had the traditional Orticochea procedure (Orticochea, 1968) rather than the higher placement of pharyngoplasty flaps advocated by Riski and coworkers.
The literature does not contain as many reports of airway problems with sphincter pharyngoplasty as with pharyngeal flap. However, Witt et al. (1996) demonstrated that airway dysfunction can occur following sphincter pharyngoplasty. They retrospectively studied 58 patients who underwent sphincter pharyngoplasty. The operative technique involved superiorly based myomucosal flaps of the posterior tonsillar pillars inserted into the posterior pharyngeal wall in an overlapping side-to-side fashion. The procedure seems similar to the original Hynes pharyngoplasty (Hynes, 1950) . A total of eight patients (14%) had overt perioperative and/or postoperative airway dysfunction. Of those eight patients, five had Pierre Robin sequence or micrognathia, and the other three all had histories of perinatal respiratory and/or feeding difficulties, without micrognathia or an identified genetic disorder. Of those eight patients, airway dysfunction resolved in all but two within 3 days postoperatively, and continuous positive airway pressure was used successfully in those two patients. No patients required surgical takedown of the sphincter pharyngoplasty to relieve airway problems.
An intriguing study by Georgantopoulou et al. (1996) looked at the effect of sphincter pharyngoplasty on soft palate mobility. Preoperative and postoperative lateral videofluoroscopy was performed in 24 patients undergoing sphincter pharyngoplasty. Several considerations, however, make it difficult to know how to interpret their results. The cause of VPI was quite variable. Only eight of the patients had cleft palate, four had submucous cleft palate or ''occult submucous cleft palate,'' five had neurologic etiologies, and seven had ''velopharyngeal disproportion.'' Furthermore, a variety of different surgical procedures were used; 11 patients underwent Jackson pharyngoplasty, 10 the Orticochea procedure, and 3 had modified Hynes procedures. Still, the findings are fascinating. Twenty patients showed an increase in the range of velar motion postoperatively, three showed a decrease, and one showed no change. The magnitude of the change in velar movement, however, did not correlate with the preoperative diagnosis, the type of operation, or the clinical rating of improvement in velopharyngeal function. A possible explanation suggested by the authors is that the normal anatomic position of the palatopharyngeus muscles makes them act as antagonists of the levator palati. Dividing and transposing the palatopharyngeus muscles would then allow the levators to act unopposed, thus resulting in increased velar elevation. Witt et al. (1998a) similarly looked at preoperative and postoperative velopharyngeal dynamism in sphincter pharyngoplasty patients. All 58 patients who underwent sphincter pharyngoplasty performed by two surgeons between 1989 and 1994 had preoperative speech videofluoroscopic studies. Twenty-four of those patients also had postoperative speech videofluoroscopic studies 4 to 31 months later. Twenty of the postoperative studies were of sufficient quality to allow comparison with the preoperative evaluations. Findings indicated a quantifiable and statistically significant difference in maximum to minimum excursion of velopharyngeal sphincter closure following sphincter pharyngoplasty. Perceptual speech evaluations showed successful results in 15 of those 20 patients, and clinical improvement correlated with quantitative measurements. Specifically, patients whose postoperative videofluoroscopies showed 64% or greater orifice closure had successful speech outcomes. The authors concluded that sphincter pharyngoplasty appears to be dynamic in the majority of patients. In a follow-up study, the same group showed that sphincter pharyngoplasty does not seem to significantly affect posterior pharyngeal wall motion, nor did pre-existing posterior pharyngeal wall motion seem to cause the sphincteric movement seen postoperatively (Witt et al., 1998b) .
COMPARISON OF PHARYNGEAL FLAP AND SPHINCTER PHARYNGOPLASTY
Little has been published comparing results of pharyngeal flap and sphincter pharyngoplasty. Our group (Sloan et al., 1990 ) retrospectively compared 30 patients who underwent posterior pharyngeal flap surgery with 30 who underwent modified Hynes pharyngoplasty. Perceptual speech evaluation showed normal vocal resonance in 14 (47%) of the sphincter pharyngoplasty patients. There was a tendency toward residual hypernasality in the pharyngoplasty patients, as opposed to hyponasality in the pharyngeal flap patients. There were three complications (10%) in the pharyngoplasty patients and 11 (37%) in the pharyngeal flap group. Complications in pharyngoplasty group included one flap separation, one patient with nasal obstruction, and one with sinusitis. Pharyngeal flap complications included two flap separations, three patients with nasal obstruction, three with obstructive sleep apnea, two with postoperative bleeding, and one with aspiration pneumonia.
Based on our retrospective experience, we organized an international, multicenter, prospective, randomized trial comparing superiorly based posterior pharyngeal flap and modified Hynes pharyngoplasty. The trial is continuing at several centers in the United Kingdom; in Oslo, Norway; and in Bauru, Brazil.
Another comparison of sphincter pharyngoplasty and pharyngeal flap is a retrospective study by Pensler and Reich (1991) . They compared 75 pharyngeal flap patients to 10 sphincter pharyngoplasty patients who underwent surgery during a 30-year period. The numbers of patients in the two groups are strikingly different. They concluded that the majority of patients experienced speech improvement with either operation (56 [75%] of 75 of the pharyngeal flap patients and 7 [70%] of 10 of the sphincter pharyngoplasty patients). All three patients who developed obstructive sleep apnea were in the pharyngeal flap group.
The question has been raised by several authors as to whether the type of operation to manage VPI can be tailored to the individual patient based on preoperative characteristics. Argamaso et al. (1980) have suggested that the success of pharyngeal flap surgery is related to the presence of preoperative lateral pharyngeal wall movement. They proposed that in the absence of preoperative lateral wall movement, sphincter pharyngoplasty would be a better choice of operation. Peat et al. (1994) tested this concept in a retrospective analysis of 132 patients who underwent endoscopically selected surgical procedures for velopharyngeal insufficiency. Selection of surgical procedure was as follows:
1. Patients with poor palatal movement and little or no lateral pharyngeal wall adduction had superiorly based pharyngeal flap and V-Y palatal pushback (n ϭ 53).
2. Patients with good palatal movement and little or no lateral wall adduction had modified Hynes pharyngoplasty (n ϭ 63).
3. Patients with poor palatal movement and good lateral wall adduction underwent superiorly based pharyngeal flap tailored to obturate the defect (n ϭ 8).
4. Patients with a small central defect but with the majority of the lateral palate contacting the lateral and/or posterior pharyngeal wall underwent fish flap as described by Pigott (1987) (n ϭ 8).
Acceptable vocal resonance was achieved in 81% of group 1 patients, 81% of group 2, 63% of group 3, and only 50% of group 4. Side effects were common, with catarrh or snoring occurring in 51% of all patients, mouth breathing in 27%, and 9% requiring surgical revision. They concluded that their selection criteria were valid, but that the fish flap procedure should not be recommended in any patients. However, since speech results were virtually identical in their two largest groups and were similar to the results that others have reported for those procedures without using endoscopic selection, it is not clear that the endoscopic selection criteria necessarily led to better results in any of the groups.
Finally, a very important issue is not only the rate of failure of posterior pharyngeal flap and sphincter pharyngoplasty in the management of velopharyngeal dysfunction, but also the ability to salvage failures of either operation with further surgery. Advocates of sphincter pharyngoplasty have listed the ability to easily and successfully revise port size as one of its advantages over pharyngeal flap. Kasten et al. (1997) specifically looked at sphincter pharyngoplasty revisions. Thirty children with repaired cleft palate underwent sphincter pharyngoplasty by one of seven surgeons during a 6½-year period. The surgical technique varied with the surgeon. Twenty-two patients (73%) had successful speech results. Seven patients (23%) required revision because of persistent hypernasality. Hypernasality was associated with flap dehiscence, low-lying flaps, and end-to-end (as opposed to end-to-side) flap suturing. Revision surgery was described as being without difficulty. Of the seven patients who were hypernasal before revision, four were still mildly hypernasal postoperatively, one was mildly hyponasal, one showed mixed nasality, and one was lost to follow-up. The one patient who required revision for hyponasality remained mildly hyponasal. Witt et al. (1998c) studied all patients who underwent posterior pharyngeal flap (n ϭ 65) or sphincter pharyngoplasty (n ϭ 123) for velopharyngeal dysfunction between 1989 and 1996 at a single center. Postoperatively, 13 (20%) of the posterior pharyngeal flap patients and 20 (16%) of the sphincter pharyngoplasty patients required further surgery for persistent velopharyngeal dysfunction. Eight (62%) of the 13 patients who experienced failed pharyngeal flap were corrected with a single additional operation, and the other five were all corrected with a second additional operation, including one who was converted to a sphincter pharyngoplasty. Speech results were reported as ''satisfactory'' in all corrected patients. All patients were hyponasal, but they had no other airway morbidity. Of the 20 patients with failed sphincter pharyngoplasty, 17 (85%) were corrected with a single additional surgical procedure. Of the three who continued to exhibit velopharyngeal dysfunction after a single revision, one was corrected with a second revision, central port tightening, which resulted in satisfactory speech except for hyponasality. The most common cause of failure for the two operations was partial or complete flap dehiscence, although oversized ports and hypodynamic velopharynx were other significant causes of failure. The authors concluded that failed posterior pharyngeal flaps or sphincter pharyngoplasties often can be salvaged with further surgery, but such revisional surgery often results in hyponasal speech.
CONCLUSIONS
Posterior pharyngeal flap attachment and sphincter pharyngoplasty remain the procedures most frequently chosen by craniofacial surgeons and craniofacial teams for surgical management of velopharyngeal insufficiency, whether associated with unsuccessful cleft palate repair or in other situations. Neither operation gives uniformly successful speech results, and both can have negative consequences. Obstructive sleep apnea seems to be more frequently, if not almost exclusively, associated with posterior pharyngeal flap surgery. However, many consider posterior pharyngeal flap attachment to be the more effective procedure for correcting VPI, particularly in severe cases.
The future promises to provide answers to many of the most important questions regarding secondary palate surgery, specifically posterior pharyngeal flap and sphincter pharyngoplasty. An ongoing international prospective trial comparing these two operations is presently headquartered in Manchester, Eng-land, under the direction of Professor William C. Shaw. Data from that trial should help to define differences in both speech results and sleep-related breathing disorders between posterior pharyngeal flap and sphincter pharyngoplasty.
As technology evolves, our surgical capabilities and approaches will inevitably progress. Advances in remote and robotic surgery could have tremendous applicability in palatal procedures, with the potential for improved visualization within the oral cavity and posterior pharynx, as well as improved access and manipulation of instruments. Such technology may lead to a level of precision and ability to refine posterior pharyngeal flap and sphincter pharyngoplasty that is presently only a dream.
